Processing speed, which can be measured behaviorally in various sensory domains, has been shown to be a strong marker of central nervous system health and functioning in adults. Visual temporal processing speed (measured via critical flicker fusion [CFF] thresholds) represents the maximum speed at which the visual system can detect changes. Previous studies of infant CFF development have been limited and inconsistent. The present study sought to characterize the development of CFF thresholds in the first year of life using a larger sample than previous studies and a repeated measures design (in Experiment 2) to control for individual differences. Experiment 1 (n = 44 infants and n = 24 adults) used a cross-sectional design aimed at examining age-related changes that exist in CFF thresholds across infants during the first year of life. Adult data were collected to give context to infant CFF thresholds obtained under our specific stimulus conditions. Experiment 2 (N = 28) used a repeated-measures design to characterize the developmental trajectory of infant CFF thresholds between three and six months of age, based on the results of Experiment 1. Our results reveal a general increase in CFF from three to four and one-half months of age, with a high degree of variability within each age group. Infant CFF thresholds at 4.5 months of age were not significantly different from the adult average, though a regression analysis of the data from Experiment 2 predicted that infants would reach the adult average closer to 6 months of age. Developmental and clinical implications of these data are discussed.
Developmental trends in infant temporal processing speed
Visual temporal processing speed can be quantified by an individual's critical flicker fusion (CFF) threshold, which refers to the highest frequency of a square-wave function that the visual system can discriminate. Unlike other psychophysical thresholds, higher CFF thresholds are indicative of faster processing and therefore better functioning. CFF thresholds decline with age (Wooten, Renzi, Moore, & Hammond, 2010) , correlate positively with cognitive functions (e.g., Mewborn, Renzi, Hammond, & Miller, 2015) , and declining thresholds can even signal age-related pathology in adults (Curran & Wattis, 1998) . For this reason, CFF has been used as a biomarker of central nervous system (CNS) functioning in studies ranging from pharmacology (Smith & Misiak, 1976) to monitoring clinical interventions (Achinivu, Staufenberg, Cull, Cavanna, & Ring, 2012; Balestra, Lafère, & Germonpré, 2012) to disease states as diverse as schizophrenia (Parsons et al., 2013) and liver cirrhosis (Gencdal et al., 2014) . The common thread that ties together findings from such wide-ranging fields of study is the apparent difficulty in compensating for losses in temporal processing speed (as opposed to more static visual characteristics; Salthouse, 2011) . If CFF does, in fact, represent a cognitive fundamental, it likely develops early and individual differences could be a powerful predictor of later development. These assessments also have the potential to be clinically useful in detecting processing speed deficits early in life, which may allow for early implementation of interventions to mitigate these deficits before they have a chance to significantly impact higher-level developmental processes. For these reasons it would be valuable to develop efficient methods for the measurement of CFF in infants.
Research investigating the developmental time course of CFF in infants has been limited and contradictory. Regal (1981) measured CFF thresholds behaviorally in one-, two-, and threemonth-old infants using a forced-choice preferential-looking paradigm (FPL; Teller, 1979) and a projector beam with a rotating sectored disk to create various frequencies of flickering stimuli. Infants were centered in front of two stimuli (one flickering, one solid) while an experimenter who was naïve to the true location of the flickering stimulus monitored the infant's face. The percent of trials that the experimenter judged correctly at each flicker frequency was plotted to a psychometric curve, and the point at which the experimenter was able to judge at 75% or higher accuracy was taken to be the infant's CFF threshold. Using this method, Regal (1981) estimated that infant CFF thresholds reach adult levels by roughly three months of age. In a later study, Mercer and Adams (1989) investigated the impact of wavelength on infant CFF thresholds using a similar method to Regal (1981) and found that cone immaturity in the first few months of life leads to lower CFF thresholds for chromatic (vs. achromatic) stimuli. In addition, three-month-old infant CFF thresholds were significantly lower than adult values in their study, which likely reflects the immaturity of the color vision system at that age. Similarly, Hartmann and Banks (1992) used a FPL paradigm to estimate CFF thresholds from a temporal contrast sensitivity function (TCSF) and found 3 month olds infants' CFF thresholds to be far lower than those of the 3 month old infants in Regal's (1981) study. Rasengane, Allen, and Manny (1997) also contradicted the findings of Regal (1981) ; infants in their study exhibited CFF thresholds that were still immature at four months of age in relation to adults tested on the same device.
Disagreement within the literature about the developmental trajectory of CFF thresholds in early life may stem from differences in the psychophysical properties of the stimuli used, low sample sizes, and imprecision associated with the estimation of CFF thresholds from TCSFs that measure contrast sensitivity at a very limited number of temporal frequencies. First, CFF thresholds are strongly influenced by the amount of light that reaches the retina at low luminance levels; brighter stimuli yield higher CFF thresholds. This effect eventually plateaus as the luminance level of the stimulus increases (characterized by the Ferry-Porter Law), but can be a major source of variability between studies that utilize dim stimuli. In addition, CFF thresholds increase with stimulus size (characterized by the Granit-Harper Law). There has been significant variability in stimuli luminance and size across studies, as well as how the stimuli were presented (e.g., CRT monitor in Rasengane et al., 1997 vs. a projector beam with rotating sectored disc in Regal, 1981) . In addition, when adults were tested to determine when CFF thresholds (or TCSFs) reach or approach maturity, the number of adults tested has been very small (e.g., n = 4 in Regal, 1981 ; n = 3 in Hartmann & Banks, 1992 ; n = 3 in Rasengane et al., 1997) . Given that adult CFF threhsolds vary widely (e.g., range of 8.3-30 Hz in , a sample of three or four adults is insufficient to determine ''adultlike" performance for a particular set of testing conditions. Further, in cross-sectional studies, the number of infants tested at each age were sometimes as low as five or six, yielding overall sample sizes as low as 12 or 15 infants (Regal, 1981; Hartmann & Banks, 1992, respectively) . Finally, in both Hartmann and Banks (1992) and Rasengane et al. (1997) , CFF was extrapolated from a temporal contrast sensitivity function (with only 3-6 points) instead of being measured directly, which limits the precision of their findings.
The present study sought to characterize the development of CFF thresholds in the first year of life using a larger sample and a repeated measures design (in Experiment 2) to control for individual differences. Experiment 1 used a cross-sectional design aimed at examining age-related changes that exist in CFF thresholds during the first year of life using our specific set of stimulus characteristics. Experiment 2 replicated Experiment 1 using a longitudinal design to gather more detailed information about how infant CFF thresholds develop between three and six months of age. Because of the positive relation between CFF and age that has been found in previous infant CFF literature and the fact that other aspects of visual development improve with age in infancy (e.g., acuity; Fantz, Ordy, & Udelf, 1962; Teller, Morse, Borton, & Regal, 1974) , it was hypothesized that CFF would be positively correlated with infant age in both experiments.
General method
2.1. CFF assessment 2.1.1. Overview
Critical flicker fusion (CFF) thresholds were measured in infants using the classic two-alternative forced choice preferential looking (FPL) technique, wherein an observer who is naïve to the side on which the stimulus is being presented makes a judgment as to the location of the stimulus based on the infant's behavioral cues (Teller, 1979) . Participants sat with their parent in the testing room for three minutes before testing began so that their eyes could adjust to the dimmer lighting of the room (1.51 cd/m 2 , measured at infant eye-level with a SpectraScan PR-650 spectroradiometer, Photo Research, Inc., Chatsworth, CA, USA). During this time, adult participants and parents of infants completed the consent forms, received information regarding the task procedure, and were aligned with the stimulus (stimulus at eye-level, 60 cm away from participant's eyes). Infants sat in their parent's lap, and parents were instructed to look down at their baby's head so that they would not look at the stimuli (all parents complied with this request). Once testing was complete, demographic questionnaires were completed.
Apparatus
Infant CFF thresholds were measured using a custom-built device (see Fig. 1 ). The light source for this device was two clusters of cool-white LEDs (Cree TM C503C, Cree Inc., Durham, NC, USA). The intensity of these LEDs was electronically controlled using high frequency (3.9 kHz) pulse-width modulation and the light was rear projected onto two custom acrylic diffusers (resulting in the presentation of two stimuli that were each 8°in size, separated by 22°at 60 cm). The luminance of the two stimuli was held constant (153 cd/m 2 ), but two size-matched insets were used to vary the shape of the stimuli (stars or hearts) across trials, as needed. Each infant experimental session began with the pair of star insets in the device, which were switched to the heart insets if necessary to maintain infant interest in the task. The flickering stimuli were presented at 100% depth of modulation (stimulus completely on then completely off) for various frequencies. The entire optical apparatus was light baffled and a high-resolution video camcorder was mounted directly above the central fixation point to provide a video feed that a trained observer could view from a separate area of the testing room.
Infant CFF threshold assessment
A two-alternative forced choice preferential looking (FPL) technique was used to estimate infant CFF thresholds (Teller, 1979) . One of the authors (JF), who is an experienced infant behavioral coder, was the primary observer for this study (JF observed 84% and 87% of the babies that were included in analyses in Experiments 1 and 2, respectively). If the primary observer was not available, one of three backup observers was utilized. All backup observers used for this study obtained a Cohen's Kappa coefficient of 0.8 or higher (signifying ''almost perfect agreement"; Landis & Koch, 1977) with the primary observer, as well as with one another, when tested for reliability using videotaped footage of three infants who had previously participated in the task. After positioning the infant in the parent's lap, two easily visible trials (20 Hz on one side and then the other) were performed to help the observer become familiar with each infant's demeanor during the task. Once these initial trials were completed and the observer felt comfortable proceeding, threshold estimation trials began at 40 Hz. On each trial, the observer -naïve to both the frequency being tested and the side of the flickering stimulus -estimated the location of the flickering target (right or left) based on cues given by the infant (e.g., gaze direction, length of looking time to each side). The observer was not informed of the accuracy of their guess once the two easy trials were completed. If the observer was correct in locating the target on at least 75% of the trials at a particular frequency, it was inferred that the infant was able to detect the flicker at that frequency. If the observer was correct in locating the target on fewer than 75% of the trials at a particular frequency, it was inferred that the infant was not able to detect the flicker at that frequency. This is the standard procedure for FPL tasks and 75% is commonly used as the criterion level for psychophysical tasks utilizing the FPL technique Bosworth, Robbins, Granet, & Dobkins, 2013; Teller, 1979) . The side on which the flicker appeared was semi-randomized such that there were no more than three presentations of the flickering stimulus on the same side in a row. This semi-randomization was done to avoid any perception of a pattern that might influence the infant's looking behavior. Both stimuli were turned off between trials and a red central fixation LED was turned on when needed to redirect the infant's gaze to the center of the apparatus between trials. Infants were allowed to take breaks when needed inside the darkened testing room and testing sessions ran for about 15 to 20 min, including these breaks. Avoidance behavior was not observed in this study, which is likely due to the presentation of stimuli at higher frequencies than previous research (e.g., avoidance behavior observed at 16 Hz but not 32 Hz in Rasengane et al., 1997 , and at low contrast 1-7.5 Hz flicker in Teller, Lindsey, Mar, Succop, & Mahal, 1992) .
To determine an infant's CFF threshold, the following method was employed. Each infant began testing with a 20 Hz test. If this frequency was deemed visible to the infant (as it was for nearly all of them), 40 Hz was tested next. If 40 Hz was determined to be visible for the infant, the experimenter increased by 10 Hz increments until the stimulus was determined to be no longer visible. At this point, the experimenter decreased the flicker rate by smaller increments (3-5 Hz) until it was determined that the infant could see the stimulus again (or a frequency previously deemed visible was reached). This was followed again by increases of 1-3 Hz to home in on the infant's specific threshold. Individual frequency testing was largely done in blocks of four separate trials. Threshold estimates were confirmed by checking that frequencies below the threshold were deemed visible by the observer's performance, and frequencies presented above the threshold were deemed not visible by the observer's performance. For example, if the estimated threshold were 50 Hz, we would verify that the observer was correct on at least 75% of trials at 49 Hz (below the threshold), and fewer than 75% of trials at 51 Hz (above the threshold). When the infant was cooperative, confirmatory positive and negative responses for at least two frequencies directly above and below the suspected threshold were attempted. We were able to complete the full four confirmatory tests with 47% of the infants included in analyses, and three confirmatory tests with another 47% of the infants included in analyses for Experiment 1. In Experiment 2, we were able to complete the full four confirmatory tests with 64% of the infants included in analyses, and three confirmatory tests with another 28%. The average number of trials completed per infant was 24.37 (SD = 5.59) and 23.56 (SD = 6.53) for Experiments 1 and 2, respectively. The first example testing session described in the previous paragraph would constitute somewhere between 21 and 32 trials depending on whether 2, 3, or 4 trials were needed to determine the not visible frequencies as such, and whether 3 or 4 trials were needed to determine the visible frequencies as such. For example, if the observer got the first two trials out of four wrong at a given frequency the last two were not completed because the frequency would be determined ''not visible" regardless of the observer's performance on the last two trials in that set. Similarly, if the observer got the first three trials in a set correct then the last trial was not completed for that frequency since the outcome would not make a difference. This was done to reduce infant fatigue and therefore increase the number of frequencies able to be tested.
Informed consent was obtained from all adult participants and the parent/guardian of all infant participants prior to any experimental procedures, and the experiment was carried out in accordance with the Code of Ethics of the World Medical Association Fig. 1 . Schematic of the infant apparatus used in this study. The small red LED located below the camera was turned on, as needed, to orient the infant's gaze to midline before the onset of a trial, at which point it was turned off.
(Declaration of Helsinki), as well as the University Institutional Review Board.
Experiment 1
3.1. Methods
Participants
Fifty-two infant participants (50% female) were recruited from the community. Data from 8 of the 52 infant participants were ultimately excluded from all analyses due to (a) fussiness or head control problems impeding our ability to obtain a confident CFF threshold estimate (n = 4), (b) the infant showing a clear side preference during threshold estimation (n = 3), or (c) CFF determined to be an outlier (n = 1; Tukey, 1977) , reducing our final sample size to 44 infants (51.1% female). Infant participants ranged in age from 2.2 to 11.9 months (M = 7.11, SD = 2.71) and their average length of gestation was 39.7 weeks (SD = 1.03, range = 37.4 to 41.7). Mothers were largely primiparous (75.6%) and parents of infants were well educated; 86.6% had some level of post-secondary education and 13.3% had a high school diploma/GED or less. The majority of infant participants (68.9%) were exclusively breastfed until the introduction of complementary foods.
Twenty-six adult participants (76.9% female) were recruited from undergraduate introductory psychology courses. CFF data from two adult participants were determined to be outliers (Tukey, 1977) and were thus excluded from all analyses, reducing our final adult sample to 24 (75% female). Adult participants ranged in age from 18 to 21 years (M = 18.96; SD = 0.82).
Exclusion criteria for the study were self-(or parent-) reported impaired visual acuity (not correctable with contacts or corrective lenses) and a history of a seizure disorder triggered by flashing visual stimuli; none of the participants fit either of these exclusion criteria.
Adult CFF threshold assessment
It is well known that CFF thresholds are impacted by stimulus characteristics; therefore, a group of 24 adults was tested on the device to determine what typical adult performance is like under our specific set of testing and stimulus conditions. CFF threshold estimation in adults was completed using the same procedure and apparatus that was used in infants with the following exceptions: (1) trials in which the stimulus was truly solid (no flicker at all) were presented during each adult's testing, and (2) only one stimulus was used that participants fixated centrally and verbally reported as ''flashing" or ''not flashing" (star inset used on all trials). The same criterion of 75% was used to determine visibility of each frequency. If the participant reported that the target was flickering on at least 75% of the trials at a particular frequency, that frequency was recorded as visible. If the participant reported that the target was flickering on less than 75% of the trials at a particular frequency, that frequency was recorded as not visible. The truly solid trials were used both as a way to encourage participants to be honest and as a way to double check that they were reporting their experiences accurately. Prior to testing, the task was discussed with participants in a manner intended to encourage them to respond in a truthful manner rather than one that would indicate higher performance on the task. Participants were told that some trials would be solid and some would be flickering to various degrees, and that the participant's only job was to tell the experimenter if the stimulus was solid or flickering to any degree. Given that adults would see several stimuli that appeared solid to them because they were higher than their CFF threshold, it was decided that using one truly solid trial somewhere in the very beginning of testing would be sufficient for most cases to demonstrate early on that there would be solid trials, as had been discussed. If, later in testing, participants reported being able to see flicker at unusually high frequencies, or were at all inconsistent in their reporting, one or two further solid trials were employed to double check that the participant was responding accurately. On average 1.38 solid trials were presented with a range of 1-3. The single-stimulus method was also used by Regal (1981) to test adults using his infant apparatus. This technique is similar to the current way that CFF is assessed in adults, whereby the participant makes repeated manual frequency adjustments to the stimulus using a dial, and ascending and descending thresholds are obtained (e.g., Hammond & Wooten, 2005) , with the major difference in our experiment being that the researchers were responsible for adjusting the frequency across trials.
Given that infants were tested in free view (i.e., able to move their heads freely) utilizing such large stimuli, it is likely that their retinas were stimulated by the flicker both centrally and, to some extent, peripherally. Accordingly, a small separate sample (N = 6) of adults was tested with the star stimulus fixated centrally, as well as peripherally at 22°. This was done to determine how much of an impact infants' ability to move their heads may have had on their measured CFF values, as well as whether the adult measures taken centrally would be relatable to the infant measures. A pairedsamples t-test comparing CFF in the central and peripheral retina of these adults confirmed that the central (M = 58.83, SD = 5.81, range = 49-65) and peripheral (M = 58.17, SD = 9.72, range = 47-69) measures were not significantly different; t(5) = 0.19, p = 0.86. The stimuli appear to have been large enough that the peripheral retina was being engaged (by both adults and infants) even when fixated centrally. If the stimuli were smaller (as in Regal, 1981) , the exact location of the infant's gaze in relation to the stimulus would have been a confound.
Results

Infant CFF development across the first year of life
Infant CFF thresholds ranged from 32 Hz to 77 Hz across the first year of life (M = 53.56, SD = 9.76). A Pearson-product moment correlation was performed to assess the relation between infant age (in months) and CFF threshold. Infant age and CFF threshold were significantly correlated, r(42) = 0.48, p < 0.01, one-tailed. Age accounted for 23% of the variation in CFF scores in this sample. See Fig. 2 for a scatterplot of infant CFF thresholds by age (in months). Fig. 2 also captures the wide variability seen in infant CFF thresholds across ages (SD = 9.76 Hz). Fig. 3 is useful in visualizing the breakdown of variance within each month of age; standard deviations ranged from 2.30 Hz to 14.14 Hz (excluding the two month old age group which only had one participant) and standard errors of the mean ranged from 1.03 to 6.32. Sample sizes within each month of age were small (range = 1 to 7 infants), as the focus of Experiment 1 was to obtain CFF thresholds from a wide range of ages across the first year.
Adult CFF thresholds
Adult CFFs ranged from 45 Hz to 61 Hz (M = 53.92, SD = 3.45). The average adult CFF threshold in this sample was higher than often seen in past studies (e.g., Hammond & Wooten, 2005; Mewborn et al., 2015) . This was likely due to the fact that CFF increases with stimulus luminance (Ferry-Porter Law) and size (Granit-Harper Law), and our stimuli were particularly large and bright in comparison with more traditional measurement devices used with adults (e.g., Wooten et al., 2010) . Simple linear regression was used to predict the age at which infants would reach the adult average of 53. 
Participants
Forty-three (38.1% female) infants were recruited from the community. Data from fifteen of the infant participants were ultimately excluded from repeated measures analyses because they did not have a CFF value for all three time points for one of the following reasons: (a) clearly observed side-preference during testing (n = 4), (b) infant fussiness interfered with testing (n = 7), or (c) the infant was unable to attend one or more appointments due to scheduling difficulties (n = 4). This reduced the final sample size to 28 infants (32.1% female). An outlier analysis (Tukey, 1977) showed that there were not any outliers in this experiment. All infants included in these analyses were exclusively breastfed throughout their participation in the study. Infants were 85.7% Caucasian, 7.1% African American, and 7.1% of more than one race. Parents of infants were well-educated; 93.1% had some level of post-secondary education and 6.9% had a high school diploma/ GED. Infants' gestational length was 39.86 weeks on average (SD = 0.94, range = 38-42 weeks). Parents received a $10 gift card at each appointment for their infant's participation in the study.
Results
CFF thresholds and infant age in weeks were positively correlated, r(82) = 0.47, p < 0.01, one-tailed (see Fig. 4) . A repeatedmeasures ANOVA revealed a significant main effect of age on CFF, F(2, 54) = 19.26, p < 0.01, g 2 = 0.42. Posthoc comparisons using a Bonferroni correction indicated significant differences between the 3 and 4.5 month visits (p < 0.01) and 3 and 6 month visits (p < 0.01); however, no significant difference was found between the 4.5 and 6 month visits (p = 1.00). Accordingly, tests of withinsubjects contrasts revealed significant quadratic components, F(1, 27) = 6.06, p < 0.05, g 2 = 0.18, in addition to the linear effects, F(1, 27) = 31.25, p < 0.01, g 2 = 0.54. CFF thresholds varied widely within each testing time point, with a standard deviation of 10.95 Hz at 3 months of age (range = 40), 10.82 Hz at 4.5 months (range = 46), and 11.01 Hz at 6 months (range = 57).
To determine the age at which infant CFF thresholds became ''adult-like" in our sample, a one-way ANOVA was used to compare the infants' CFF thresholds at each time point with the adult thresholds from Experiment 1. Levene's test indicated unequal variances once adult data were added to the infant data, F(3, 104) = 6.59, p < 0.01, so degrees of freedom were adjusted accordingly in the following analysis. A one-way ANOVA revealed significant between-group differences, Welch's F(3, 52.26) = 16.25, p < 0.01. Specifically, posthoc comparisons using a Bonferroni correction showed that adult CFF thresholds were significantly higher than the infants at 3 months of age (p < 0.01), but not at 4.5 or 6 months of age (ps = 0.95 and 1.00, respectively). In addition, the rank order among infants in Experiment 2 remained relatively con- Infant data past 6 months of age would likely be needed for the function to adjust to the point where it would reach the adult average seen in this study.
Discussion
Our findings indicate that CFF thresholds continue to increase across the first months of life. In Experiment 1, infants' average CFF thresholds do not appear to approach the average level of adult college students until about 4 to 5 months of age (see Fig. 3 ). This is supported by the results from Experiment 2 which show a developmental improvement in CFF thresholds across infants, specifically between the ages of 3 and 4.5 months. The difference in maturity estimates between Experiments 1 and 2 is likely due to differences in experimental design, specifically, that we were able to control for individual differences in Experiment 2. Our data indicate a developmental trend in that age alone accounts for 22.7% and 22.0% of the variation in CFF thresholds seen in Experiments 1 and 2, respectively. In Experiment 2, infants tested at 4.5 and 6 months of age did not show a statistically significant difference from the adults tested in Experiment 1, which is further support that significant developmental improvement is occurring between 3 and 4.5 months of age that may slow significantly or even plateau from that point on. Results from a longitudinal study of macaque monkeys (Stavros & Kiorpes, 2008) fall in line with these results and those of Regal (1981) , indicating early and rapid maturation of CFF.
Regression analyses of infant data from Experiments 1 and 2 predicted that infants wouldn't actually reach the average CFF of adult college students in this study (53.92 Hz) until 7.42 and 6.12 months of age, respectively. These predictions are both well beyond the 3 months estimate seen in Regal (1981) ; however, both the present data and Regal's showed that infants demonstrate CFF thresholds that are not significantly different from adults much earlier (4.5 and 3 months of age, respectively). Regardless, longitudinal data past six months of age will be important to explore given these predictions. This is especially true given that the variability across infants and across age is very high. Of note, however, is the fact that despite high variability, rank order among infants in Experiment 2 remained relatively consistent over time (see Fig. 5 ). Hence, like many developmental features, individual infants are reaching maximal maturation at slightly different ages and to varying degrees. These individual differences are likely prognostic, as they have been shown to be in adults (e.g., Curran & Wattis, 1998) . The difference across infants was striking. For example, the CFF thresholds of three-month-old infants in Experiment 1 had a standard deviation of 8.87 Hz and an overall range of 23 Hz. The infant with a CFF threshold that is 23 Hz faster than the lowest-performing infant is able to process twenty-three more on/off cycles of visual information every second, which could lead to significant differences in the overall amount of information processed, and thus by extension could impact intellectual functioning when compounded over time. Rose and colleagues, for instance, have shown that infant processing speed (specifically, encoding speed) is a significant predictor of cognitive functioning in later childhood and early adolescence (e.g., Rose, Feldman, Jankowski, & Van Rossem, 2011b; Rose, Feldman, & Jankowski, 2012) . During pilot testing, adult participants were able to distinguish between frequencies that differed by 2 Hz, which indicates how substantial a difference of 23 Hz actually is. This large degree of residual variance within infant age groups could be due to many factors that should be investigated in future work, such as individual differences in physiology, attentiveness, and/or state at testing.
Some of the variance in CFF thresholds within each month of age could be explained by individual dietary differences and should be explored in future work. Early supplementation with docosahexaenoic acid (DHA) has been related to improved attention scores in human infants (e.g., Colombo et al., 2011) , and DHA-deficient diets have long been known to negatively impact attentional development in non-human primates (Reisbick, Neuringer, Gohl, Wald, & Anderson, 1997) . Given that myelination impacts the speed at which neural signals are able to travel, one explanation for the high degree of variability observed in CFF thresholds across infants could be individual differences in rate of myelination. This would implicate dietary levels of DHA, as well as iron (because of its role in oligodendrocyte health; Lozoff & Georgieff, 2006) , as logical nutrients to investigate in that context (e.g., Agostoni et al., 2008; Armony-Sivan, Eidelman, Lanir, Sredni, & Yehuda, 2004) . CFF thresholds have also been correlated in previous research with adult levels of the dietary carotenoids lutein and zeaxanthin found in the central nervous system (measured via macular pigment optical density; Hammond & Wooten, 2005; Renzi, Bovier, & Hammond, 2013) . Supplementation with lutein and zeaxanthin in a recent double-blind placebo-controlled trial led to significant increases in adults' CFF thresholds over a four-month period (Bovier, Renzi, & Hammond, 2014) . In addition, post-mortem studies of infant brain tissue have identified lutein as the predominant carotenoid in infant neural tissue despite relatively low dietary intake in comparison with other carotenoids (Vishwanathan, Neuringer, Schalch, & Johnson, 2011) . Significantly lower levels of lutein have been observed in the brains of preterm infants (Vishwanathan, Kuchan, Sen, & Johnson, 2014) , who are known to demonstrate deficits in processing speed (e.g., Rose, Feldman, & Jankowski, 2011a) . This indicates that lutein may be preferentially deposited in the CNS early in life. We are currently investigating whether infants' visual temporal processing speed is related to CNS lutein levels, as is the case in adults.
Several studies have demonstrated that preterm infants show deficits in processing speed (e.g., Rose et al., 2011b) , and thus future studies should assess premature infants to formally test whether they experience deficits in visual temporal processing speed when compared to full-term infants. Given that premature infants are at higher risk for white matter injury and delayed neurocognitive development, it would be beneficial for future research to include the addition of electroencephalography (EEG) as a way to test much younger infants, such as newborns, as well as investigate the neurological underpinnings of CFF threshold development in infants.
A limitation of the present study is the small number of trials that were completed per infant CFF threshold estimate. The methodology that was employed was chosen to balance the risk of infant fatigue and associated measurement error against the wide margins of error that result when testing a select few frequencies across many more trials. This is not unheard of; Mercer and Adams (1989) tested eight trials at each of three frequencies for a resultant 24 trials per CFF threshold estimate, which is equivalent to the average number of trials that were completed per infant in the present study (Ms = 24.37 and 23.56 for Experiments 1 and 2, respectively). The large degree of variance across subjects within each age is another potential limitation, if that variance is unsystematic. Future studies should formally assess the reliability of assessing CFF using a smaller number of more focused and customized trials to avoid the error associated with fatigue in young infants.
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